Objective: To examine the impact of and relationship between exposure to Hurricane Andrew, a severe stressor, posttraumatic stress symptoms and immune measures. Methods: Blood draws and questionnaires were taken from community volunteer subjects living in the damaged neighborhoods between 1 and 4 months after the Hurricane. Results: The sample exhibited high levels of posttraumatic stress symptoms by questionnaire (33% overall; 76% with at least one symptom cluster), and 44% scored in the high impact range on the Impact of Events (IES) scale. A substantial proportion of variance in posttraumatic stress symptoms could be accounted for by four hurricane experience variables (damage, loss, life threat, and injury), with perceived loss being the highest correlate. Of the five immune measures studied Natural Killer Cell Cytotoxicity (NKCC) was the only measure that was meaningfully related (negatively) to both damage and psychological variables (loss, intrusive thoughts, and posttraumatic stress disorder (PTSD). White blood cell counts (WBCs) were significantly positively related with the degree of loss and PTSD experienced. Both NKCC (lower) and WBC were significantly related to retrospective self-reported increase of somatic symptoms after the hurricane. Overall, the community sample was significantly lower in NKCC, CD4 and CD8 number, and higher in NK cell number compared to laboratory controls. Finally, evidence was found for new onset of sleep problems as a mediator of the posttraumatic symptom -NKCC relationship. Conclusions: Several immune measures differed from controls after Hurricane Andrew. Negative (intrusive) thoughts and PTSD were related to lower NKCC. Loss was a key correlate of both posttraumatic symptoms and immune (NKCC, WBC) measures.
INTRODUCTION
On August 24,1992 , Hurricane Andrew (a class IV hurricane with sustained wind speeds of 140 mph.) struck South Florida, causing more damage than any other previous storm in the history of the United States. In the aftermath, an estimated $20 billion in property was lost (costing another $10 billion in clean-up), over 175,000 people were left homeless, and 120,300 jobs were affected (1) . Thousands were without phone or electricity for several weeks or sometimes months. In the early aftermath, traveling was nearly impossible because of downed trees and power lines, the absence of street signs and traffic signals, as well as copious broken glass and other debris. Constant vigilance ensued requiring protection of property from looters, contacting and negotiating with insurance companies, finding contractors for rebuilding (who one hoped did not abscond with the down payment), and having strange people in one's house (rebuilding) whose trustworthiness was uncertain. The area looked like a war zone, and the presence of the 22,000 federal troops reinforced this image.
Damage and devastation of this magnitude may be hypothesized to have a negative impact on mental health, physiological indicators of stress including immune measures, and physical symptoms. Although there is a large literature on the mental health sequelae of disasters (reviewed below), there is little on their impact on the immune system. The present study attempts to narrow this gap in the disaster literature. In addition, we had the opportunity to study factors related to adjustment in a relatively short time frame (months) after the disaster.
REVIEW OF RELEVANT LITERATURE

Impact of Disasters on Mental Health/Distress
Several researchers have described stress response syndromes and the attendant sequelae of natural disasters. Horowitz (2) and Horowitz et al.. (3) note that stress response syndromes most commonly in-elude posttraumatic stress disorder (PTSD) symptoms, depressive states, and anxiety disorders. McFarlane and Papay (4) , in a study of firefighters 4,11, and 29 months after they had combatted bushfires, found PTSD symptoms, depression, and anxiety to be sequelae in descending order, as did Shore et al. (5) in a study of Mt. St. Helens' victims. McFarlane and Papay (4) found that the diagnosis of PTSD was associated with greater property loss, whereas affective disorders were more associated with adversity in the aftermath of the disaster. Freedy et al. (6) found that loss of resources among victims of Hurricane Hugo was strongly associated with elevated SCL-90 and PTSD scores. Horowitz et al. (3) also described both intrusive thinking and overwhelming emotional flooding, and an inclination toward maladaptive denial and numbing of emotions in people adapting to traumatic events. Laube (7) pointed out that victims of disaster typically experience recurring and distressing thoughts about the disaster and attempts to avoid thoughts and behaviors associated with the event. Baum (8) noted that these intrusive images or uncontrollable thoughts may play a role in maintaining the stress and its effects long after the stressor is gone. Peterson et al. (9) noted that the symptoms and course vary over time. Whereas intense initial reactions are likely to occur during the acute phase, psychological recovery often occurs with the passage of time (9, 10) .
Impact of Stressors/Disasters on Immune Measures
A number of stressors have been associated with decrements in immune function: bereavement (11) (12) (13) ; being an Alzheimer's caregiver (14) ; divorce (15) ; being in a poor-quality marriage (15) ; and, of most direct relevance to the current study, the chronic stress associated with the Three Mile Island disaster (16) or the Northridge earthquake (17) . Affective states often associated with stress, such as depression (18) , anxiety (12) , and loneliness (19) , have also been associated with decrements in immune function.
Immune decrements most often found in the above studies of stress effects have been functional measures associated with cellular immunity. These include, but are not limited to, decrements in mitogen responsivity [blastogenic response to phytohemaglutinin (PHA) and pokeweed mitogen (PWM)], (11, 12, 15, 17) , decreased Natural Killer (NK) cell activity (13, 15, 17, 18, 20) , and increased titers to Epstein Barr virus (EBV) (21) . In addition, several studies have noted decrements in cell phenotypes-T helper (CD4), and helper/suppressor cell ratios (15) , T suppressor/cytotoxic (CD8) lymphocytes (16, 17) , and NK cells (15, 16) . Finally, Herbert and Cohen (21) noted an increase in WBCs in a meta-analytic review of the literature on stress and immunity.
Proposed mechanisms for the impact of stress on the immune system (reviewed in Ref. 22 ) include sympathetic nervous system products such as catecholamines which may impact the immune system via j3 receptors on lymphocytes (23), direct sympathetic noradrenergic innervation of lymphoid tissue (23) , and hypothalamic pituitary adrenal products such as cortisol (24) .
Immunologic Correlates of Posttraumatic Stress Symptoms Little work has focused on posttraumatic stress symptoms or the cognitive and process variables involved in recovery from traumas as they relate to changes in the immune system. These may be particularly important since they represent potential targets of therapeutic interventions. Workman and LaVia (25) found that intrusive thoughts related to an impending medical school examination were associated with poorer blastogenic responses to PHA among young, healthy medical students. Lutgendorf et al. (26) found, among college students participating in a disclosure experiment, that a decrease in an avoidant style of cognitive processing over time as well as higher levels of experiential involvement in the disclosure process predicted decrements in EBV antibody titers (suggestive of better control of latent viruses). However, except for the McKinnon et al. (16) study, there is virtually no literature on the effects or correlates of a natural disaster on the immune system.
Purpose
The purpose of this study is to determine the short-term impact of a major stressor, an overwhelming natural disaster, on posttraumatic stress symptoms and on the immune system. The relationship among three sets of variables is explored: a) hurricane experience variables (damage, loss, etc), b)posttraumatic stress symptoms, and c) immune measures. Putative mediators of significant relationships found are then considered. Finally, the relationship between immune measures and self-report of somatic symptoms is reported.
METHOD
Subjects
During 1 to 4 months after the acute event we interviewed and gathered data from 180 subjects living in the communities affected by the hurricane (specifically south of Kendall Drive in Miami). Subjects were recruited from a variety of source-we handed out fliers about the study at neighborhood food stores, recruited staff from places of employment [such as Ryder, the University of Miami, Florida International University), and where we knew someone in the neighborhood, our research team would knock on doors (or trailers). Thus this was a volunteer sample and not a random sample. Although there would be benefits from having a random sample, it was not feasible at the time. Many people were not living in their homes, phone service was out for months in many affected areas, and since looting was present we thought residents might be alarmed or irritated by unknown researchers knocking on doors. We did seek diversity by attempting to get representation of different ethnic and socioeconomic (SES) groups and people who represented a wide range of damage.
Exclusion Criteria. Subjects were excluded if they had a chronic disease directly impacting on the immune system (lupus, acquired immune disease syndrome (AIDS), etc.), if they were pregnant, or if they were taking a drug known to affect the immune, sympathetic, or neuroendocrine systems (eg, prednisone, (3 blocker, etc.). Because excluding alcohol users might have biased the sample, we instead asked questions about alcohol use to be used as a possible control variable in analyses (see measures section on substance use) If subjects had cold-related symptoms at the time of the interview, collection of blood was delayed until the person was symptom-free (usually 1 week).
Procedures
Participation in this study included: a) an interview lasting approximately 1 hour; b) questionnaires taking approximately 2 hours to complete; and c) a blood draw. Each subject was given a choice of being interviewed in the home, provided there was a place where privacy was possible, or at the university. The session began by explaining the informed consent form, the nature of the study, confidentiality, and obtaining the subject's signature. Interview questions included demographics, the damage sustained to the home, injury to self and others, and questions about their experience of the hurricane. The subject was given the questionnaire packet as well as instructions for completing it. At a return visit, within a few days, the questionnaire was collected. At this visit, each subject's questionnaire was checked to make sure it was properly filled out and the participant was asked whether they had any questions or difficulty with the questionnaires. Blood was drawn for immune measures (55 ml.) after 10 minutes of rest. The participant was then given a check for $60.00 and thanked for participating.
Assessments
Hurricane Experience Variables. Damage. Questions were asked in the initial assessment about specific damage to roof, windows, possessions, carpeting, car, and other damage. Each question was asked on a 4-point likert scale ranging from no damage (0) to complete damage (3 Injury. Four questions were asked relevant to injury. Were you injured? Did you see someone else get injured? Did you know someone who was injured? Did any of your friends or family get injured? Each question was answered yes or no. The total injury score was one if subjects answered yes to any of the above, or zero otherwise.
Life Threat. This question was intended to tap threat or fear during the hurricane. On a one to seven likert scale, subjects were asked to indicate the extent to which they felt they might die during the hurricane, with "1" representing "not at all" and higher numbers indicating greater perception of the threat of death (7 = absolutely).
Posttraumatic Stress Symptom Variables. Two measures of posttraumatic stress symptoms were used: A posttraumatic stress disorder (PTSD) scale and the Impact of Events (IES) scale (described below).
PTSD. The measure used for PTSD symptoms consisted of a series of questions referring to how often each of the symptoms taken from the DSM III-R diagnostic criteria have occurred over the past week. Our continuous measure of PTSD was the sum of how often (on a 0 to 4 scale, 0 = not at all, 1 = once only, 2 = 2-3 times, 3 = 4-6 times, and 4 = every day) each symptom occurred in the last week [a for the continuous measure was .91). To translate the PTSD measure into categories we did the following: A symptom was scored as present if it happened at least once in the past week (to define PTSD1) or at least twice in the past week (for calculating PTSD2). To consider a high level of symptoms of PTSD as present, we then followed the DSM-III R (28) symptom criteria for PTSD, ie, having at least one of four reexperiencing symptoms, three of seven numbing/avoidance symptoms, and two of six heightened arousal symptoms ("high level of symptoms" used the PTSD2 scoring). It should be noted that although we used the DSM-IIIR symptoms, the DSM-IIIR allows a longer time frame (present in the last month) than we did (present in the last week).
Impact of Event Scale IES. Intrusive and avoidant thoughts were measured by the Impact of Events Scale (IES; 29) a 15-item self-report instrument which has been employed to assess changes in cognitive processing of stressful events in prior work (30) . It includes an Intrusion subscale that taps the extent to which rumination regarding the stressor has broken through into consciousness over the past week, while an Avoidance subscale assesses the degree to which the subject avoided thoughts and actions reminiscent of the stressful event over a similar period.
Immunologic Measures. Immunologic measures included Natural Killer Cell Cytotoxicity (NKCC), total white blood cell (WBC) counts, differential for calculation of lymphocyte counts, and enumeration of peripheral blood lymphocyte phenotypes (CD4, CD8, CD56). All blood draws occurred between 7 and 11 AM, in order to control for diurnal variation. Blood was maintained at room temperature before assay. Flow cytometry and NKCC assays were begun the same day as the draw, while serum was stored for later assay of neopterin.
Flow Cytometry (used to quantify CD4, CDS, and CD56 phenotypes). A single laser flow cytometer (EPICS Elite, Coulter Instruments Laboratories, Hialeah, FL) was used with a whole blood, two-color analysis procedure as previously described to determine the distribution of lymphocyte phenotypes (31) (32) (33) . The following pairs of fluorescence isothiocyanate (FITC) or phycoerythrin (PE) conjugated monoclonal antibodies (Coulter Immunology) were selected: T4-PE combined with T3-FITC to measure CD4 expressing cells which also express the T cell marker CD3, for CD4+ or helper/inducer cells (34); T8-FITC (CD8) combined with T3-FITC or suppressor/cytotoxic T cells (35); Mo2-PE for CD14+ or monocytes (36) combined with KC56-FITC (CD45) to determine leukocytes and proper settings for lymphocyte gates; T3-FITC recognizing CD3, a marker of mature T cells and NKH.l-PE (CD56) which defines the entire pool of mononuclear cells with NK activity (37) and for defining the CD3+ and CD3-CD56+ cells. Isotypic controls are mouse IgGl, IgG2, or IgM (Coulter Immunology, Hialeah, FL).
Whole blood, 100 ml, is incubated with the antibodies for 10 minutes at 23"C after shaking. Erythrocytes were lysed and washed using the Quick Prep System from Coulter Epics. Stained specimens were run on the Epics Elite flow cytometer using the 488 nm laser line for quantification of percent positive cells by direct immunofluorescence. For the lymphocyte markers of T cells and subsets, bit maps were set on the lymphocyte population of the forward angle light scatter versus 90° light scatter histogram. The NKH.1+ (or CD56) cells were measured in a large bit map encompassing the lymphocyte and monocyte area of the forward angle light scatter vs. 90° light scatter histogram. The granulocyte area was excluded. Percent positively stained cells for each marker pair, as well as doubly stained cells were determined using the QuadStat software (Coulter Epics).
Peripheral lymphocyte counts were calculated by multiplying the total white blood cell count and percentage of lymphocytes as determined from a Coulter MaxM automated hematology instrument. Estimates of absolute numbers of the lymphocyte or mononuclear cell populations positive for the respective surface markers were determined by multiplying peripheral lymphocyte or mononuclear cell counts by percentage positive cells for each surface marker (31) .
NK Cell Cytotoxicity (NKCC). Natural killer (NK) cell function was evaluated by determining cytotoxicity using the whole blood chromium release assay as outlined in detail in Refs. 30, 37) . The target cell line utilized is the NK sensitive erythroleukemic K562 coil-line. The assay was done in triplicate, at four effector to target cell ratios with a 4 hour incubation. The percent cytotoxicity at the four effector to target ratios and the number of CD56 + cells per unit of blood was used to express the results as percent cytotoxicity at a target to effector cell ratio of 1:1 as previously described (31) . Kinetic Lytic Units/NK cell (KLU/NK) were also calculated as previously indicated (31) in order to estimate the maximum number of targets lysed by each NK cell during the 4-hour assay.
Neopterin. Neopterin, a major product of immune activation, was measured by a radioimmunoassay (INCSTAR). Abnormally high levels of this substance have been found in autoimmune diseases such as rheumatoid arthritis, Crohn's disease and early onset autoimmune diabetes mellitis, in viral infections associated with organ transplants and HIV-1 disease (39) . Neopterin levels appear to be associated with disease severity, with the highest levels occurring during the acute phase of these diseases. Neopterin was measured as a control variable in order to exclude subjects with the above diseases or acute infection. (In our sample neopterin mean = 2.52, SD =1.35, and was significantly correlated with self-report of aching and swollen joints; r = .20).
Somatic Symptom Report. Subjects were asked to indicate which of 38 somatic symptoms (eg, respiratory, gastrointestinal, infectious, pain, fever, etc.) they had experienced in the month before the questionnaire (after the hurricane) as well as before the hurricane, a was .83. Subjects were also asked whether their general health was better, the same, or worse post-vs. prehurricane.
Preliminary Analysis and Consideration of Control Variables
A number of variables were considered as possible covariates representing potential confounds needing statistical control: they are noted in the respective regression sections. Before data analysis, distributions were examined for nonnormality and outliers. Outliers were individually checked. Several subjects were eliminated from analyses because their values may be indicative of an undetected underlying chronic illness (eg, CD4/CD8 ratio < 1, neopterin > 8). One subject was eliminated after a check of outliers revealed she could not read English.
RESULTS
Demographic Characteristics. Our sample ranged in age, schooling, income, ethnic composition, and gender as indicated in Table 1. Participants in the study averaged 21.4 days without phone (SD.= 25.5, range = 0-90 days) and 24.0 days without electricity (SD = 18.0, range = 0-90 days). Although we interviewed 180 people, we collected completed questionnaires from 173 subjects, and blood draws from 167. Dates for the assessments ranged from 1 to 4 months posthurricane (Sept. 29, 1992 through Dec. 21, 1992 Table 1 , the range of damage represented was wide (mean = 10.1, SD = 3.6). Three subjects reported no damage at all. About one third of the sample had mild damage or less, a little less than one third had major damage, and the rest had moderate to major damage. 1 In addition, at the time of the interview, 40% of the sample were living somewhere other than the place of residence at the time of the storm. For those who had damage and insurance, mean time to the first big insurance check for rebuilding was 8.82 weeks (SD = 7.46).
Loss. As noted in the assessment section, we modified the list of 52 resources used by Freedy et al. (6) in their study of responses to Hurricane Hugo, so that it would not be confounded with our outcome measures. However, because this is a modified instrument, it cannot be directly compared with other studies. The mean and standard deviation of our measure, composed of 42 items scored on a zero to four scale was 44.1 (29.6).
Injury. As noted on Table 1 , 53% of the sample answered yes to one or more of the four injury questions. Most of the injuries were minor (22 went to the doctor, 1 was hospitalized).
Life threat. As noted, this question was intended to tap threat or fear during the hurricane. A high percentage responded yes (54%), to some extent (< 0) they thought they might die.
Distress/Posttmumatic Stress Symptoms. Means and standard deviations for the two measures used to describe posttraumatic stress symptoms (ie, PTSD symptoms; IES) are given in Table 2 . Each of the measures may be summarized by categories as well.
PTSD Symptoms. Using the PTSD2 categorization, one third of our sample had a high level of PTSD symptoms (ie, met the DSM-III-R criteria by questionnaire but with the 1-week time frame).
2 Even 1 A damage score of 5 represents mild damage (eg, part of roof over one room gone and one or two windows broken, no loss of furniture or carpet, some possessions damaged, car still driveable with one window broken and slight body damage). A score of 10, representing moderate damage, reflected having a portion of one's roof gone (some rooms not habitable, but home is still habitable), half of one's windows broken, loss of some furniture or carpet (less than half of the house), lost possessions, and car needing body repair with two or more windows broken. A score of 15, representing major damage included major roof damage (home not habitable), more than half of windows broken, more than half of furniture or carpet ruined, more than half of possessions lost, and a cai that was not driveable due to hurricane damage. 2 The PTSD2 categorization requires that for a symptom to be present it must occur two or more times in the past week. We think this most closely approximates the DSM IIIR intent of "persistent" symptoms. However, we also calculated PTSD1, which requires a symptom to occur at least once in the past week to be counted as present. Using this more liberal criteria 48% of the sample has PTSD, 75% have the reexperiencing morenoticeable is the high percentage of subjects who had at least one symptom cluster (76%). The most prevalent cluster was heightened arousal, fol-(continued from previous page) cluster, 52% have numbing, and 82% have arousal. Only 12% have no cluster.
In a separate validation study (with the Hurricane Andrew population at a later time point (N = 45) we compared SCID diagnosis by trained interviewer to the PTSD questionnaire diagnosis (with T. Mellman, MD, and D. David, MD). Using the more conservative questionnaire criteria (PTSD2) there was 84% agreement (K=.62, sensitivity=.60, specificity = .97); with the liberal questionnaire criteria scoring (PTSDl) there was 80% agreement (K = .57, sensitivity = .80, specificity = .80). The number of subjects in that study identified as meeting SCID criteria for PTSD was 15, which was between the number identified with PTSD using the conservative questionnaire criteria [N = 10) or the liberal questionnaire criteria [N = 18). Therefore in the current sample 33% with PTSD by questionnaire (PTSD2 scoring) is likely conservative and using interpolation the best estimate appears to be approximately 42%. Finally, the high specificity of lowed by reexperiencing, and lastly numbing. Also of interest is the gender difference in prevalence; 36% of women and only 25% of men fell in the high level of PTSD symptoms category. This finding is corroborated by a comparison of means for men and women on the continuous PTSD measure, which shows that women had higher scores than men, (£(168)= -2.56, p = .01). The gender difference remained significant even when controlling for damage (partial r = .16, t=2.12, p -.04), although a direct comparison of male and female PTSD scores restricted to the high damage group (above the mean) was not significant.
IES. As noted, the IES scale measures both intrusive and avoidant thoughts. Using cutoffs suggested by Horowitz (40) , 44% of our sample had a high the conservative questionnaire scoring (.97) suggests that most everyone identified by the PTSD2 scoring would have PTSD by the SCID. symptom level, 25% had a medium symptom level, and 31% had a low symptom level. As with the PTSD measure, women scored significantly higher than men in this sample on both the total IES score (£(163) = -4.14, p = .01), the avoidant thoughts (AV) subscale (£=3.64, p = .01), and the intrusive thoughts (INTR) subscale (£=3.73, p = .01). These differences remained significant in the high damage group, and when damage was controlled for in a regression equation.
Overview of regression strategy. In the regression analyses that follow we wanted to determine whether there was a meaningful relationship among three subsets of variables: the hurricane experience variables (damage, loss, etc.), posttraumatic stress symptoms and immune measures. The model enters the hurricane experience variables as a block into the regressions with each outcome variable (PTSD, IES, the five immune measures) as a dependent variable. It was done this way to control for type I error. Correlations between any two of the subsets are given in Tables 3 and 5 and in the next sections.
Associations Between Hurricane Experience Variables and Distress/Posttraumatic Symptoms. As can be seen in Table 3 , all of the hurricane experience variables (damage, loss, life threat, injury) correlate significantly with both PTSD and IES (except that injury was not significantly correlated with IES avoidance). Perceived loss was the strongest correlate in all cases. j3 weights (shown in Table 3 for models predicting distress from the hurricane experience variables controlling for demographic variables age, gender, and SES (41); time since hurricane was virtually uncorrelated with either PTSD (.04) or IES (.03) in this narrow time frame and thus was not covaried) suggest that only gender, damage, and loss add uniquely to the other variables in the model for predicting PTSD, and only gender, loss and life threat add uniquely to the other variables in the model for predicting IES total and IES intrusion. Regression results show that between 32% and 44% of the variance in mental health outcomes (IES and PTSD respectively) can be explained by knowing the four hurricane experience variables, and that this percent of variance explained increases to 41% and 48% for IES and PTSD, respectively, when age, gender, and SES are controlled for in the model. Associations Between Hurricane Experience Variables and Immune Measures. For each immune measure a regression model was performed with damage, loss, life threat and injury (entered as a block in order to control the Type I error rate) as variables representing the hurricane experience. Of the five immune measures only NKCC showed a significant relationship to the four hurricane experience variables [F(4,103) = 3.60, p < .01]; they explained 12% of the variance in NKCC (r = .35). Damage and Loss were both significantly correlated with NKCC (r = -.27, p < .01; r = -.20, p < .05, respectively). 4 Life threat was marginally significant [r = -.17, p < .10). Damage had the highest standardized j8 (= -.19, NS) although no variable added unique variance to the other three.
Immune Findings Immune Outcome Measures Compared With Laboratory Controls.
Two groups of immune control variables were considered. The first were those that could not be affected by the disaster (time since hurricane, age, gender, and race): none were related to the immune measures. The second were those that could be altered by the hurricane, and thus could be considered as controls or mediators (substance use-alcohol, caffeine, tobacco; sleep problems, exercise, time without food, time without electricity). These were significantly associated with immune measures: tobacco was associated with higher WBCs (r = .39, p < .01) and higher CD4 number (r = .23, p < .01), and sleep change (new onset sleep problems) was associated with lower NKCC (r = -.25, p < .01). Analysis of sleep change as a mediator of the relationship between damage or post traumatic stress symptoms and NKCC is presented in a section below.
Immune Correlates of Posttraumatic Stress Symptoms. Finally the correlations between the two distress measures and immune measures were calculated and tested for significance. Of the five immune measures and two distress measures (PTSD and IES) only the distress correlations with NKCC and WBCs were significant. These are shown in Table 5 . Both PTSD and IES were correlated negatively with NKCC in the entire sample. It is interesting to note that while both PTSD and IES were significantly correlated with NKCC in the entire sample, the relationships between posttraumatic stress symptoms and NKCC were stronger in the high damage subsample. We then examined which symptom cluster of PTSD (reexperiencing, numbing, or arousal) might be contributing most to the lowered NKCC. No consistent pattern emerged. In fact the pattern was not consistent between the entire sample and the high damage group. With regard to the IES subscales, however, intrusive thoughts appeared to be more strongly related to lower NKCC than avoidance. Only PTSD was significantly positively related to higher WBCs in the entire sample, although in the high damage group both PTSD and IES symptoms were strongly 4 For subjects with damage and insurance we also correlated time to first big check from the insurance company and found it to be significantly correlated with lower NKCC (r = -.27, p = .05, N = 54). This variable was not incorporated into the main analysis because it was only relevant for the subset of participants who had both damage and insurance, but is nonetheless of relevance in this study. positively related. The arousal symptom cluster contributed the most to the PTSD-WBC relationship, and follow-up regressions in both the entire sample and the high damage group indicated that reexperiencing and numbing did not add significantly above arousal.
Group Comparisons. In order to better interpret the potential importance of the significant correlations found between damage, the psychological variables and NKCC, (and to better estimate how much NKCC could possibly be impacted by damage and psychological factors) mean differences were calculated between contrasting groups: Subjects were divided by thirds on damage or the psychological variables into high, medium, or low groups. NKCC values for the top third and bottom third are pictured in Figure 1 . NKCC for the high damage group (X = 27.7,) was significantly lower than NKCC for the low damage group (X = 36.0^ £(80) = 2.86, p < .01). NKCC levels for low impact (X = 36.0), and high impact (X = 27.5) groups on the IES scale (using Horowitz classification) were also significantly different (£(87) = 2.75, p < .01). NKCC levels for low intrusive thoughts (X = 37.9), and high intrusive thoughts (X = 26.6) groups on the IES subscale, were also significantly different_(£(78) = 3.70, p < .01). NKCC levels for low PTSD (X = 33.8), and high PTSD (X = 26.1) were also significantly different (£(76) = 2^77, p < .01). High and low loss groups (X = 28.5, X = 31.9) were not significantly different (£(86) = 1.28, p = .21). It is interesting to note that the high damage, high IES, high intrusive thought, high PTSD, and high loss groups are all significantly different from the laboratory control group (damage f(116) = 4.18, p < .001, IES £(126) = 4.31, p < .001, intrusive thoughts £(116) = 4.33, p < .001, PTSD t(115) = 4.70, p < .001, loss £(117) = 3.87, p < .001), whereas the low damage, low IES, low intrusive thoughts low PTSD groups are not (damage t(104) = .81NS, IES t (101) = .77NS, intrusive thoughts r(102) = .17NS, PTSD f(101) = 1.55NS). This suggests that there are groups of people within the affected area whose NKCC was relatively protected from the effects of the hurricane.
Regression Predicting NKCC From Hurricane Experience Variables and Posttraumatic Stress Symptoms.
We then combined our two sets of variables (hurricane experience variables and post traumatic stress symptoms) in a regression model to determine what proportion of variance in NKCC could be accounted for with this full model. With all of the variables in the model, 14% of the variance in NKCC could be explained (12% from the hurricane experience block entered first and an additional 2% from adding PTSD and IES), F(6,101) = 2.84, p = .014. The highest £ was for damage (= -.23, t = -2.02, p = .05). Repeating this analysis in the high damage group indicated the full model explained 18% of the variance in NKCC, F(6,59) = 2.18, p = .05. The hurricane experience block contributed 10% of the variance (which is likely less than in the full sample because damage is restricted in range to the high damage group), and the posttraumatic distress block contributed an additional 8%.
Exploration of Mediators of NKCC Relationships. Finally, we wanted to explore possible mediators of the significant relationships between NKCC and the hurricane experience and the posttraumatic distress variables. We first focused on the damage -NKCC relationship as that was the strongest of the hurricane experience variables. Possible mediators that were considered were posttraumatic stress symptoms, the immune controls (previous section, Associations Between Hurricane Experience Variables and Immune Responses) that could be affected by the hurricane, and loss, since it could be conceptualized as resulting from damage. Only four possible mediators (PTSD, IES intrusion, sleep change, and loss) met our first criteria which was that all three variables (predictor, outcome, and mediator), should have significant correlations with each other. The mediator effect was then tested by path analysis utilizing regression (42) . First a regression analysis with the outcome variable (NKCC) as the dependent variable and the predictor as the independent variable (damage) was performed. Second, the dependent or outcome variable (NKCC) is regressed on both the predictor (damage) variable and the mediator. A variable is a mediator if the )3 weight for the mediator in the second regression is significant, and the /3 weight for the previously significant predictor is not significant in the second regression equation, ie, the predictor is a significant one until the mediator is added in. The four possible mediators (PTSD, IES, loss, and sleep change) were tested and none satisfied the criteria for a mediator.
Two other relationships which were found in this study (PTSD-NKCC) and (IES thoughts-NKCC) were tested for mediators. Since sleep change was a correlate of NKCC we therefore explored whether it may have been a mediator of the relationship between PTSD and NKCC or between IES thoughts and NKCC. The path diagrams are presented in Figure 2 . Since all sleep changes posthurricane had a negative impact, the findings indicate that new onset of sleep problems had some mediating effect in explaining the relationship between both PTSD and IES thoughts on the one hand and lowered NKCC on the other. Sleep change was measured by three items taken from the SCL-90 (a=.8O; trouble falling asleep, awakening in the early morning, sleep that is restless or disturbed). Although significant, the effects are not particularly strong as is indicated by the small size of the correlation coefficients.
Immune-Somatic Symptom Relationships. Finally, in order to explore the possible clinical significance of immune measures, self-report of the somatic symptom count (after minus retrospective report of before the hurricane) was correlated with immune measures: a greater increase in symptoms after the hurricane was associated with lower NKCC (r = -.18, p< .05, N = 129), higher WBCs (r = .17, p < .05, JV = 156), and higher CD56 number (r = .18, p < .05, JV = 129). Similarly, reported health change for the worse was significantly associated with lower NKCC (r = -.21, p < .05) and higher WBCs (r = .24, p < .05, JV = 149). Overall, more of our sample reported feeling worse after the hurricane (20%), then better (6%), while 74% reported feeling the same. Subjects reported almost twice as many symptoms after the hurricane (mean = 6.90, SD. =5.90) as before with a mean increase of 2.92 symptoms (SD. = 5.69).
DISCUSSION
The purpose of this paper was to determine the impact of an overwhelming natural disaster, Hurricane Andrew, on posttraumatic stress symptoms (PTSD and IES thoughts), and on the immune system. The impact on this sample of hurricane victims included a much greater prevalence of PTSD symptomatology than the general population (43) (44) (45) , and an elevation of intrusive and avoidant thoughts as indicated by scores on the subscales of the IES. Our first major finding relates the hurricane experience variables to the severity of posttraumatic stress symptoms, and emphasizes the importance of perceived loss. Our second major finding relates greater hurricane experience and the posttraumatic stress symptoms to immune measures, in particular lower NKCC.
Psychological Findings
Posttraumatic Stress Symptoms. Our posthurricane sample exhibited a high level of posttraumatic stress symptoms (33% met DSM IIIR PTSD criteria by conservative questionnaire scoring, but with a 1 week time frame) and an elevation of intrusive and avoidant thoughts as indicated by scores on the subscales of the IES measure (44% in the high impact range). It is important to note that heightened symptom reports are to be expected shortly after a trauma, usually abate with time and do not necessarily indicate pathology. Our high damage group had IES scores similar to those in the acute phase (< 6 months) of other traumas-those with high damage in the Parsons flood 4 months postdisaster (49% in the high impact range(10)) and HIV positive men after they have had 5 weeks to adjust to their diagnosis (30) . Norris (46) , however, notes the occurrence of PTSD symptoms varies depending on the specific trauma. The volunteer nature of our sample limits the inference about the percent of the general exposed community that truly had PTSD symptoms. A related study using a quota sampling strategy 6 months after Hurricane Andrew estimated 24% met criteria for PTSD using the Mississippi Scale (57).
Correlates of Posttraumatic Stress Symptoms. Regression results show that between 32% and 44% of the variance in mental health outcomes (IES and PTSD, respectively) could be explained by knowing the four hurricane experience variables (damage, loss, life threat, and injury) and that this percent of variance explained increases to 41% and 48% for IES and PTSD, respectively, when age, gender, and SES are controlled for in the model.
Of the hurricane experience variables considered (damage, loss, life threat, and injury), perceived loss was the most strongly related to posttraumatic stress symptoms (the PTSD measure and IES), corroborating previous findings by Freedy (6, 47) in studies of Hurricane Hugo and the Sierra Madre earthquake. It is particularly interesting that perceived loss was a stronger correlate than actual damage. This variable was derived from Hobfoll's (27, 58) theory that links the experience of stress to the loss or threatened loss of resources. Recall that resources are conceptualized broadly, including psychological qualities such as a sense of mastery or self-esteem, social roles (work, home, etc.), and physical entities such as a home, car, clothing, and money. This finding, however, must be interpreted with caution, because although we attempted to make sure the measure of perceived loss (modified from Freedy) did not have the same items as our posttraumatic stress outcome measures, more distressed subjects may report both more psychological symptoms and more loss. Thus loss report may be influenced by both actual loss and distress. Future studies might attempt to measure loss more objectively (such as number of neighbors who moved out, etc.) to avoid this potential confound. (The self-report bias is shared by the other questionnaires as well, so the suggestion to attempt to measure other constructs objectively also applies). On the other hand, to the extent that loss may be viewed conceptually as involving appraisal, one might want to include the self-report bias. In addition, future studies might measure rumination over loss, as Nolen-Hoeksema and Morrow (48) have found rumination to be related to stress symptoms after the 1989 Loma Prieta earthquake. Finally, not all studies have found loss to be the strongest correlate of distress; Thompson et al. (49) found that life threat and injury were more highly correlated with depression, anxiety, and somatization than personal or financial loss after Hurricane Hugo.
It is also interesting to note that experience (damage) was a more important variable for PTSD symptoms, but fear (life threat) was a more important variable for disturbing thoughts (IES intrusion and avoidance). Finally, the low correlation between injury and the posttraumatic stress outcomes may be because most injuries in our sample were minor.
Of the demographic variables, gender was a significant correlate of both PTSD and IES symptoms, with women reporting more symptoms than men. Although other studies have noted this finding in epidemiologic samples (43, 45) , the current finding must be interpreted with caution because the sample was a volunteer sample. In addition, although women reported more distress in this sample, there were no gender differences in immune measures.
Immune Findings. NKCC. The finding that NKCC is lower in the hurricane sample compared to laboratory normals is consistent with a growing body of literature on stress and immunity (21) showing that naturalistic stressors such as bereavement (13) , marital disruption (15) , and the Northridge earthquake over time (17) have been associated with lower NKCC. In our sample, damage was the variable most strongly related to lowered NKCC, with the high damage group exhibiting significantly lower NKCC as compared with the low damage group. Interestingly, lowered NKCC was also meaningfully related to a number of psychological variables-greater reported loss of resources, greater PTSD symptoms, and greater intrusive thoughts. The latter may be important due to the potential modifiability of thoughts through therapy. It is also interesting to note that these correlations were stronger when considered in the high damage group only. Several variables were explored as possible mediators of the relationship between post-traumatic stress symptoms and NKCC. Some support was found for the notion that new onset of sleep problems, a symptom often associated with PTSD and intrusive thoughts, could act in this manner. These findings are in agreement with the Irwin et al. (50) study, where partial sleep deprivation in humans reduced NKCC. However, there remained much unexplained variance in NKCC in the present study so, at best, sleep problems are explaining only part of the picture. It is interesting to note that the association between the more objective measure of hurricane experience (damage) and NKCC was slightly stronger (r = -.27), than between a self-report measure (PTSD) and NKCC (r = -.20), which is very consistent with the Herbert and Cohen's (21) metaanalytic review where they found the NKCC association to be -.36 and -.23 with objective and selfreport measures, respectively. Finally, it is interesting to note that the NKCC difference between high and low damage groups (5.8%) was very similar to the decrease pre-to postserostatus notification for HIVpositive men (6%; 30) suggesting some consistency in the stress response in very different situations (NKCC was lowered approximately 25% in both).
Although stress clearly is related to lowered NKCC, determining the implications for disease is difficult, particularly in a healthy population such as the present one. Although we did find an association of lower NKCC with self-report symptom increase post-hurricane, this must be interpreted with caution, since objective measures of actual symptoms were not taken. NKCC may be important in some diseases, including progression of cancer, chronic viral infections, autoimmune diseases (51), and Chronic Fatigue Syndrome(CFS; 52). Most of the evidence for the importance of NKCC in disease is linked with cancer (53) and, in fact, a higher cancer mortality rate has been found in victims of natural disasters (54) . Finally, a related study found CFS symptom exacerbations after Hurricane Andrew (55) .
Other immune findings. The observed positive correlation of PTSD and loss of resources with increased WBCs is consistent with Herbert and Cohen's meta-analytic review (21) , indicating an association of stress with increased WBCs, although we did not find mean differences between the hurricane group and the normal controls.
The observed greater numbers of NK cells in the hurricane group as compared with the normal controls may possibly serve as a compensatory mechanism for the lowered NKCC. The results differ from those of McKinnon et al. (16) , who reported lower NK cells after the TMI accident, compared to a control group. However, they defined NK cells using the Leu 7 marker (CD57) surface marker, which is not recommended for enumeration of NK cells (56). It should also be noted that their study took place 6 years after the accident, and the sample size was small [N = 12 in the TMI group, N -8 in the control group). The Herbert and Cohen meta-analytic review found a nonsignificant association between stress and NK cell number (effect size = -.07).
Our finding of lower T suppressor/cytotoxic cells in the hurricane sample vs. normal controls is consistent with the meta-analytic review (21), the McKinnon et al. paper (16) , and the Northridge earthquake over time (17) . In fact, Herbert and Cohen found a large effect size for this measure (-.39 for all stress combined). Our sample also showed significantly lower T helper cells, which is consistent with the meta-analytic review, but not with the McKinnon et al. study (16) which found no differences with a small sample and thus limited power.
Implications. Implications for disaster relief include the targeting of resource loss (including money, supplies, etc.), the provision of advice for resource replacement, education regarding normalization of symptoms that are expected to occur post trauma, the maintenance of social roles as a resource (work, family, community), and the normalization of sleep. The finding both that negative (intrusive) thoughts and an anxiety disorder (PTSD) are related to altered immune function including lower NKCC is of particular relevance for mental health professionals because of the potential modifiability of thoughts. Reduction in intrusive thoughts can be one of the targets of treatment paradigms not only for distress considerations but also for their potential importance due to the linkage with immune function and reported health.
Finally, the course of long-term psychological recovery and adjustment and its relationship to immune recovery remain for future longitudinal studies. A longitudinal study also allows for the investigation of direction of causality which was not possible in the current cross-sectional study.
